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METHOD AND ARRANGEMENT TO ESTIMATE TRANSMISSION
CHANNEL CHARACTERISTICS

The present invention relates o a method 1o estimate a transmission

5 channel characteristic as defined in the non-characteristic part of claim 1, a

transmission channel characteristic estimating arrangement able to perform this

method as defined in the non-characteristic part of claim 8, and a related remote
terminal as defined in the non-characteristic part of claim 9.

Such a method fo estimate a transmission channel characteristic and

10  related equipment are already known in the art, e.g. from the United States

Patent US 4,105,995, entitled 'Digitally Controlled Transmission Impairment

Measurement Apparatus'. Typically, the operator needs knowledge of certain

channel characteristics of a transmission channel between a central office and a

remote terminal to be able to guarantee a certain service to a subscriber that has

15  installed the remofe terminal. The presence of line imperfections such as bridged

taps, line attenuation, ageing effects, disturbers like radio frequency interference,

and so on, has to be estimated by the operator before a certain quality of service

can be guaranteed. To estimate all basic parameters necessary to characterise a

transmission channel for its ability to carry data traffic, US 4,105,995 describes a

~

20 portable microprocessor controlled apparatus that measures  specified
parameters for a telephone channel. The known apparatus for channel
characteristic estimation either consists of two units to be connected respectively
to both ends of the transmission channel, or of a single unit to be connected to a
single end of the transmission channel. The latter embodiment of the known

25 channel characteristic estimating apparatus requires manual loop-back aof the
end of the transmission channel whereto the apparatus is not coupled.
Summarising, US 4,105,995 describes dedicated transmission channel test

. equipment enabling off-line hecsuremenf of channel characteristics. To apply

the known technique, transmission of user data over the transmission channel
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has to be interrupted and test equipment has to be connected to the transmission
channel either at one or at both sides of the channel.

It is an object of the present invention to provide a method for estimation
of a transmission channel characteristic and related equipment similar to the
ocbove described one, but which allows both on-line and off-line channel
characteristic estimation without the necessity to connect dedicated test
equipment to the fransmission channel.

According fo the invention, this object is achieved by the method to
estimate a transmission channel characteristic defined by cdaim 1, the
transmission channel characteristic estimating arrangement defined by claim 8,
and the remote terminal defined by claim 9.

Indeed, the remote terminal itself collects all information required to
estimate the transmission channel characteristic of interest and sends this
information back to the central office wherein the information is matched with a
simulation ‘model of the transmission channel and remote terminal. The
information collected by the remote terminal can be fed back in a multiplexed
way simultaneously with user data so that the data traffic over the transmission
channel does not have to be interrupted. The simulation model used in the
central office for the maiching process typically contains a number of
parameters, e.g. the location along the transmission line of a bridged tap,
corresponding to the transmission channel characteristics of interest. During the
matching process, the values of these parameters are determined.

It is to be noticed that the term ‘comprising’, used in the claims, should
not be interpreted as being limitative to the means listed thereafter. Thus, the
scope of the expression ‘a device comprising means A and B’ should not be
limited to devices consisting only of components A and B. It means that with

respect to the present invention, the only relevant components of the device are A

.and B.

Similarly, it is to be noficed that the term ‘coupled’, also used in the

claims, should not be interpreted as being limitative to direct connections only.
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Thus, the scope of the expression ‘a device A coupled to a device B’ should not
be limited to devices or systems wherein an output of device A is directly
connected to an input of device B. It means that there exists a path between an
output of A and an input of B which may be a path including other devices or

medans.

An additional feature of the method according to the present invention is
defined by claim 2.

Indeed, the remote terminal of an Asymmetric Digital Subscriber Line
(ADSL) system operating in accordance with ANSI's T1.413 standard, issue 2 for
instance automatically collects information concerning the attenuation of a set of
carriers with equidistant frequencies as can be deduced from paragraph 9.9.8.1
of the draft edition of issue 2 of ANSI's T1E1.413 standard, entitled ‘Standards
Project for Interfaces Relating to Carrier to Customer Connection of Asymmetric
Digital Subscriber Line {ADSL) Equipment. This information is collected for use in
the bit rateselection process described in paragraph 9.9.8.2 of the cited draft
standard, and for use in the bit allocation process described in paragraph 9.9.14
of the cited droft standard, but in addition is very useful for estimating certain
transmission channel characteristics such ds the position of a bridged tap along
the line. A preferred embodiment of the present invention consequently makes
use of this automatically collected information for transmission channel
characterisation.

A further feature of the method according to the present invention is
defined by claim 3.

Thus, by multiplexing the collected information that will be used for
transmission channel characterisation with user data, a transmission channel can
be characterised without interruption of the system. This is so because the remote

terminal that is able to transmit the user data does not have to be replaced by

. test equipment.

Alternatively, as defined by claim 4, a transmission channel characteristic

is estimated off-line.
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Thus, by interrupting transfer of user data over the channel and bringing
the system into a test phase, a transmission channel characteristic according to
the present invention can also be estimated off-line without the requirement to
connect dedicated test equipment to the channel.

A further feature of the method according to the present invention is
defined by claim 5.

In this way, information indicative for the attenuation and phase rotation
of carriers having different frequencies, such as is typically collected in a multi-
carrier ADSL (Asymmetric Digital Subscriber Line) modem and used therein for
sefting equaliser coefficients, can additionally be used for channel

characterisation.

Yet another feature of the method according to the present invention is
defined by claim 6.

In this way, information indicative for the noise affecting carriers having
different frequencies, such as is typically collected in a multi-carrier ADSL modem
and used therein for allocation of bits fo carriers, can additionally be used for
channel characterisation.

Furthermore, as is indicated by claim 7, the present invention is very
suitable for implementation in an Asymmetric Digital Subscriber Line (ADSL)
system, or any similar system, e.g. a Very High Speed Digital Subscriber Line
(VDSL) system.

An additional advantageous feature of the arrangement for estimating a
transmission channel characteristic according to the present invention is defined
by claim 10.

Hence, information suitable for use in the transmission channel
characterisation method can be collected over a certain time interval, and can be
fed back to the central office as soon as this time interval has elapsed.

The above mentioned and other objects and features of the invention will
become more apparent and the invention itself will be best understood by

referring to the following description of an embodiment taken in conjunction with
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the accompanying drawing which is a functional block scheme of «q
telecommunication system wherein the method to estimate a transmission
channel characteristic according to the present invention is applied.

In the figure, the central office CO and remote terminal RT of an
Asymmetric Digital Subscriber line {ADSL) system are drawn. The remote
terminal RT in addition to traditional ADSL receiving circuitry that is supposed to
form part of the receiver RX and traditional ADSL transmitting circuitry that is
supposed to form part of the transmitter TX contains ¢ channel information
gathering unit INFO and channel information memory MEM. The central office
CO on top of fraditional ADSL transceiving circuitry, not drawn in the figure,
contains a channel and modem matching unit MATCH.

The receiver RX in the remote fermincl RT is coupled between an
input/output port and an output terminal of this remote terminal RT, and further
has an output coupled to the channel information gathering unit INFO. The
transmitter TX in the remote terminal RT is coupled between an input terminal
and the above mentioned input/output port of the remote terminal RT. To a
second input terminal of the transmitter TX, the channel information memory
MEM is coupled. An output of the channel information gathering unit INFO and
an input of the channel information memory MEM are interconnected. A iwisted
pair telephone line CHANNEL serves as bi-directional physical communication
medium_between the remote terminal RT and the central office CO. The remote
terminal RT is coupled to this telephone line CHANNEL via the above mentioned
input/output port. In the central office CO, an input of the channel and modem
matching unit MATCH is coupled to the telephone line CHANNEL.

In the drawn ADSL system digital data are transferred bi-directionally on
top of telephone signals over the telephone line CHANNEL. At both the remote

side and the central office side, a splitter separates received digital data from

, received telephone signals, applies the digital data to respectively the ADSL

remote terminal RT or ADSL central office CO, and applies the telephone signals

to respectively the customer's telephone apparatus or a POTS (Plain Old
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Telephone Service) line-card. In the drawing, the splitters at-the remote side and
central office side, and the customer's telephone apparatus as well as the POTS
line-card are not drawn because the present invention only has an impact on the
ADSL central office CO and the ADSL remote terminal RT.

For the operator of the drawn system, one of the problems is how to
guarantee a cerfain service fo the customer at the time of installation or later
without exact knowledge of the channel characteristics of the telephone line
CHANNEL. Because of the frequent changes in disturbances {e.g. the presence of
a radio amateur) and line faults (e.g. due to water logging), databases
containing information concerning the channel characteristics of telephone lines
usually are outdated. Since the remote terminal RT of the drawn ADSL system
automatically collects information that is useful for channel characteristic
information, access to this information by the operator enables the operator to
track changes in the channel characteristics.

The rémote terminal RT in the figure is supposed to operate in accordance
with Issue 2 of ANSI's TIE1.413 standard and consequently performs certain
channel measurements such as a gain and phase measurement for each carrier
transferred over the telephone line CHANNEL and a signal to noise ratio (SNR)
measurement for each carrier. The so obtained information is used for setting
parameters of a time domain equaliser and frequency domain equaliser which
typically forms part of the ADSL receiver RX and for allocating data bits to carriers
in the ADSL transmitter TX. According to the invention, the channel information
gathering unit INFO collects the measured information and the information is
temporarily stored in the channel information memory MEM. Thereafter, the
ADSL ftransmitter TX reads the channel information out of the channel
information memory MEM and sends the information to the central office CO so
that it is available at the operator's side for channel estimation purposes.

In the central office CO, the channe!l and modem matching unit MATCH
uses a simulation model of the telephone line CHANNEL and remote terminal RT

and matches the received information with this simulation model. The simulation
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model contains a number of parameters like the line attenuation, the length of
the telephone line, length and location of bridged taps, water logging, and so
on. By maiching the simulation model with the information received from the
remote terminal RT, the channel and modem maiching unit MATCH determines
the values for the different parameters in the simulation model. These parameter
values are an estimation of the channel characteristics where the operator can
rely on fo guarantee a certain service to the customer.

Since the measurements can be done by the remote terminal RT on-line,
the channel characteristics can be monitored in time so that each time the
customer wants to install a new service, recent channel characteristic estimations
are available to the operator allowing the operator to give quality guarantees
concerning the newly installed service. The permanently available channel
characteristic estimations moreover enable the operator to take appropriate
measures in case of quality loss, o monitor changes to the customer's in-house
network that may affect the quality of service, and to fast evaluate complaints of
the customer concerning the quality of service.

It is noticed that the channel information gathering unit INFO, that is
coupled o an output terminal of the ADSL receiver RX in the above described
embodiment, may be integrated within this ADSL receiver RX. Indeed, since an
ADSL receiver RX that operates in accordance with the specifications of ANSI's
T1E1.413 issue 2 standard collects channel information at initialisation for use in
the bit allocation algorithm and for setting equaliser taps, channel information
gathering equipment INFO may in cerfain embodiments of the invention be
integrated in the receiver circuitry RX.

Anocther remark is that although the embodiment of the present invention
ilustrated by the drawing contains a channel information memory MEM,

provision of such a channel information memory MEM is not an absolute

_requirement for implementation of the present invention. Indeed, without the

channel information memory MEM, the channel information collected by the

remote terminal RT would be fed back instantly to the central office CO, whereas
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with a channel information memory MEM, the channel information can be
collected during a certain time interval and can be fed back at certain time
instants in between the time infervals wherein the channel information is
collected. When providing a channel information memory MEM, the colliected
channel information may be sent automatically at regular time intervals to the
central office CO or may be sent to the central office CO upon request of the
latter one.

Also a remark is that the channel and remote terminal matching unit
MATCH may form part of the central office CO, as is the case for the
embodiment of the invention drawn in the figure, but alternatively may be a
separate unit connected to an operator terminal of the central office CO.

Yet another remark is that applicability of the present invention is not
limited to any particular physical communication medium in between the central
office CO and the remote terminal RT or any particular physical layer transport
protocol. Thus, instead of a twisted pair telephone line, a coaxial cable, an
optical fibre, a radio link, a satellite connection, or even a hybrid transmission

medium such as a hybrid céax/opticcl fibre link may serve as communication

medium between the central office CO and remote terminal RT, and evidently,

25

instead of the Asymmetric Digital Subscriber Line (ADSL) protocol, any other
physical layer protocol, e.g. the VDSL (Very High Speed Digital Subscriber Line)
protocol, or the Hybrid Fibre Coax (HFC) protocol may be adopted in the system
wherein the present invention is implemented.

Furthermore, a remark is that embodiments of the present invention are
described above in terms of functional blocks. From the functional description of
these blocks it will be obvious for a person skilled in the art of designing
electronic devices how embodiments of these blocks can be manufactured with

well-known electronic components. A detailed architecture of the contents of the

. functional blocks hence is not given for most of them.

30

While the principles of the invention have been described above in

connection with specific apparatus, it is to be clearly understood that this



e TN e

e

.9.

description is made only by way of example and not as a limitation on the scope

of the invention.
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CLAIMS

1. Method to estimate a transmission channel characteristic of a
transmission channel (CHANNEL) between a central office station {CO) and a
remote terminal {RT},

CHARACTERISED IN THAT said method comprises the steps of:

a. collecting in said remote terminal (RT) channel information;

b. transferring said channel information from said remote terminal (RT) to
said central office station (CO);

c. matching said channel information with a channel and remote terminal
simulation model whose parameters define said channel characteristic; and as a

result of said matching:

d. determining values for said parameters of said channel and remote

terminal simulation model.

2. Method to esfimate a transmission channel characteristic according to
claim 1,
CHARACTERISED IN THAT said channel information is automatically

collected by said remote terminal (RT} for operational purposes.

3. Method to estimate a transmission channel characteristic according to
claim 1 or claim 2,
CHARACTERISED IN THAT said remote terminal (RT) collects said channel

information on-line.

4. Method to estimate a transmission channel characteristic according to
claim 1 or claim 2,
CHARACTERISED IN THAT said remote terminal (RT} collects said channel

information off-line during a test phase.
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5. Method to estimate a transmission channel chardcteristic according to
any of claims 2 to 4,

CHARACTERISED IN THAT said channel information comprises gain and
phase distorfion measurements at a number of frequencies, collected by said

remote terminal (RT) for equaliser setting.

6. Method to estimate a transmission channel characteristic according to
any of claims 2 to 5,

CHARACTERISED IN THAT said channel information comprises noise
measurements at a number of frequencies, collected by said remote terminal {RT)
for allocating bits to carriers, said carriers being used for transmission of data

from said remote terminal (RT} to said central office station (CO).

7. Method to estimate a transmission channel characteristic according to
any of the preceding claims,

CHARACTERISED IN THAT said transmission channel (CHANNEL) is a
Digital Subscriber Line, said central office station {CO) is a Digital Subscriber Line
central office, said remote terminal (RT) is a Digital Subscriber Line modem, and
said channel information is information collected at initialisation of an
Asymmetric Digital Subscriber Line system to enable either one of selection of

downstream and upstream bit-rates, equaliser setting and allocation of data bits

to carriers.

8. Transmission channel charaderistic estimating arrangement for
estimating a transmission channel characteristic of a transmission channel
(CHANNEL) between a central office station (CO) and a remote terminal {RT),

CHARACTERISED in that said arrangement comprises:

a. information collecting means {INFO) in said remote terminal (RT},

adapted to collect channel information;
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b. information transferring means {TX) in said remote terminal (RT)
coupled to said information collecting means (INFO), said information
transferring means (TX} being adapted to transfer said channel information from
said remote terminal (RT) to said central office station (CO};

c. information and model matching means (MATCH) adapted to match
said channel information with a channel and remote terminal simulation mode!
whose parameters define said channel characteristic; and

d. parameter value determining means, integrated with said information
and model matching means (MATCH) and adapted to determine values for said

parameters of said channel and remote terminal simulation model.

9. Remote terminal (RT) suitable for communication with a central office
station {CO} via a transmission channel (CHANNEL) there between,

CHARACTERISED IN THAT said remote terminal {RT) comprises:

a. information collecting means [{INFO) adapted to collect channel
information;

b. information transferring means (TX} coupled to said information
collecting means (INFOY), said information transferring means (TX} being adapted
to transfer said channel information from said remote terminal (RT) to said
central office station (CO} to be matched there with a channel and remote
terminal, simulation model whose parameters define a transmission channel
characteristic for said transmission channel and whose values are determined as

a result of said matching.

10. Remote terminal {RT) according to claim 9, :
CHARACTERISED IN THAT said remote terminal (RT) further comprises

memory means (MEM), coupled between said information collecting means

. (INFO) and said information transferring means (TX}, and adapted to memorise

said channel information collected over a time interval.



